For many years, the cell wall of Bacillus subtilis has been regarded as a relatively simple structure in terms of composition and function. The wall has been described as consisting of approximately equal amounts of poly(glucosylglycerol phosphate)teichoic acid and peptidoglycan (13) . More recently, a polymer of galactosamine-1-phosphate was identified in the cell walls (11) . We have observed that, by subjecting cell walls to detergents, protein denaturants, proteases, and nucleases, Folin-Ciocalteau-positive material remained firmly bound (W. C. Brown and R. J. Doyle Thus, more sensitive and specific methods are required. We have exhaustively extracted wall preparations and found that material remains that is amenable to protein modification. In addition, growth ofB. subtilis cultures in the presence of 35S resulted in the incorporation of radioactivity in the walls that could not be removed by extraction procedures. The results raise the possibility that protein may be covalently attached to the cell wall ofB. subtilis.
B. subtilis 168 was grown and harvested as previously described (2, 4) . The walls were prepared by disruption of intact cells in a French press and subsequent differential centrifugation (2). The wall preparations were washed 12 times in deionized water prior to further treatment. After preparation, the walls were subjected to lithium chloride-sodium dodecyl sulfate (SDS)-guanidine hydrochloride-urea-water according to the scheme outlined in Fig. 1 To show the presence ofprotein in the "clean" wall preparations, specific amino acid-modifying agents were utilized. The iodination of proteins in the presence of chloramine T leads to incorporation of iodide in tyrosine and histidine side chains (3, 6) . Because these residues are known to be absent in peptidoglycan and teichoic acid, the incorporation of iodide in the walls would be indicative of the presence of protein. Several different preparations of cells walls could be labeled with Na-'251 (Table 1) . Variations in the extent of iodination occur between preparations. This may reflect differences in protein content or may simply reflect the lower efficiency of labeling in a suspension. The modification of other amino acid side chains would confirn the results obtained from radioiodination. Several reagents are available for amino acid side chain modification. Koshland reagent (7), 2-hydroxy-5-nitrobenzyl bromide, specifically alkylates exposed tryptophan residues in proteins, the product of which is a visible chromophore with high extinction in strongly basic solution. Cell wall suspensions were subjected to modification by Koshland's reagent as described in the legend to Fig. 2 . The visible spectrum of the modified walls (Fig. 2 ) reveals an absorption peak at 410 nm. Protein molecules that contain tryptophan exhibit similar visible spectra when subjected to modification by 2-hydroxy-5-nitrobenzyl bromide (7) . Thus, the use of selective amino acid-modifying agents supports the premise that the cell wall of B. subtilis 168 contains protein. The possibility exists that the extraction procedures ( Fig. 1 (2) . In the extractions, the wall concentrations were 2 to 3 mg/ml in 40-ml final volumes.
effectiveness in disaggregating and solubilizing proteins.
Finally, a third method for demonstrating the presence of protein in the walls was attempted. The cells were grown in a low-sulfate medium (9) and supplemented with carrier-free 35S-labeled sodium sulfate. Walls were prepared and extracted as described in the legend to Fig. 1 (Table 2) show that 35S was incorporated into the walls that were not removed by the extraction procedures. Thus, on the basis of three independent methods, it is concluded that the cell wall of B. subtilis 168 contains tightly bound protein molecules. An estimate of the amount of protein in the wall can be made. If it is assumed that the tryptophan in the wall protein accounts for 5% of the total amino acid residues, then, by use of the data shown in Fig. 2 and the reported extinction coefficient (7) for the 2-hydroxy-5-nitrobenzyl bromide derivative, it can be calculated that the cell walls contain 6.4 a Extracted cell walls ( Fig. 1 ) were suspended to a concentration of 4 mg/ml in 5.0 ml of 0.5 M sodium phosphate buffer (pH 7.5). Five microliters (100 ,uCi) of Na-1251 was added to the suspension with vigorous stirring. lodination was initiated by the addition of 1.0 ml of chloramine T (2 mg/ml in 0.5 M sodium phosphate buffer, pH 7.5). After 3 min of stirring, the reaction was terminated by the addition of 1.0 ml of sodium metabisulfite (500 l.g/ml). The iodinated walls were washed twice with distilled water and three times with 5.0 M lithium chloride. The iodinated walls were then dialyzed against 0.1 M sodium iodide in 0.1 M sodium phosphate (pH 8.6) until no radioactivity could be detected in the dialysis medium. Finally, the walls were dialyzed versus deionized water and freeze-dried. Radioactivity was determined in a gamma spectrometer (NuclearChicago Corp.).
b Control walls were prepared as described in footnote a, except that sodium metabisulfite was added prior to thloramine T. Our results show that protein molecules are firmly bound to the cell wall of B. subtilis. Further studies will be necessary to determine the kinds of proteins and nature of the linkages. However, we have recently shown that cell walls contain unique membrane components and genetic information enriched for the replication origin and terminus of the B. subtilis chromosome (R. J. Doyle, U. N. Streips, S. Imada, W. C. Brown, and V. S. C. Fan, manuscript in preparation). Thus, wall-associated protein may be involved in the binding of DNA to the cell surface. This is plausible, particularly in view of the recent emphasis on the cell wall as a structure that may segregate chromosomes during growth and division (10) .
